By analyzing 2.93 fb −1 of e + e − annihilation data taken at the center-of-mass energy √ s = 3.773 GeV with the BESIII detector, we determine the branching fractions of the inclusive decays D + → φX and D 0 → φX to be (1.135 ± 0.034 ± 0.031)% and (1.090 ± 0.028 ± 0.035)%, respectively, where X denotes any possible particle combination. The first uncertainties are statistical and the second systematic. We also determine the branching fractions of the decays D → φX and their charge conjugate modesD → φX separately for the first time, and no significant CP asymmetry is observed.
By analyzing 2.93 fb −1 of e + e − annihilation data taken at the center-of-mass energy √ s = 3.773 GeV with the BESIII detector, we determine the branching fractions of the inclusive decays D + → φX and D 0 → φX to be (1.135 ± 0.034 ± 0.031)% and (1.090 ± 0.028 ± 0.035)%, respectively, where X denotes any possible particle combination. The first uncertainties are statistical and the second systematic. We also determine the branching fractions of the decays D → φX and their charge conjugate modesD → φX separately for the first time, and no significant CP asymmetry is observed. [3] , while the others are quoted from the PDG [4] . In this paper, we report improved measurements of the branching fractions of these inclusive decays by using 2.93 fb −1 of e + e − annihilation data taken at √ s =3.773 GeV with the BESIII detector. Throughout this paper, the charged conjugate modes are implied unless stated explicitly.
Secondly, charge-parity (CP ) violation plays an important role in interpreting the matter-antimatter asymmetry in the universe and in searching for new physics beyond the standard model (SM). It has been well established in the K-and B-meson systems. In the SM, however, CP violation in charm decays is expected to be much smaller [5] [6] [7] . Searching for CP violation in D meson decays is important to explore physics beyond the SM. Recently, CP violation in charm sector was observed for the first time in the charm hadrons decays at LHCb [8] . In this paper, we search for CP violation in the inclusive D → φX andD → φX decays.
II. BESIII DETECTOR AND MONTE CARLO SIMULATION
The BESIII detector is a magnetic spectrometer [9] located at the Beijing Electron Positron Collider (BEPCII) [10] . The cylindrical core of the BE-SIII detector consists of a helium-based multilayer drift chamber (MDC), a plastic scintillator time-of-flight system (TOF), and a CsI(Tl) electromagnetic calorimeter (EMC), which are all enclosed in a superconducting solenoidal magnet providing a 1.0 T magnetic field. The solenoid is supported by an octagonal flux-return yoke with resistive plate counter muon identifier modules interleaved with steel. The acceptance of charged particles and photons is 93% over 4π solid angle. The chargedparticle momentum resolution at 1 GeV/c is 0.5%, and 
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Sum (1.14 ± 0.02)% the dE/dx resolution is 6% for the electrons from Bhabha scattering. The EMC measures photon energies with a resolution of 2.5% (5%) at 1 GeV in the barrel (end cap) region. The time resolution of the TOF barrel part is 68 ps, while that of the end cap part is 110 ps. The end cap TOF system was upgraded in 2015 with multi-gap resistive plate chamber technology, providing a time resolution of 60 ps [11] . More details about the design and performance of the detector are given in Ref. [9] . Simulated samples of events produced with the geant4-based [12] Monte Carlo (MC) package, which includes the geometric description of the BESIII detector and the detector response, are used to determine the detection efficiency and to estimate the backgrounds. The simulation includes the beam energy spread and initial state radiation (ISR) in the e + e − annihilations modeled with the generator kkmc [13, 14] . The inclusive MC samples consist of the production of DD pairs with consideration of quantum coherence for all neutral D modes, the non-DD decays of the ψ(3770), the ISR production of the J/ψ and ψ(3686) states, and the continuum processes incorporated in kkmc [13, 14] . The known decay modes are modeled with evtgen [15, 16] using branching fractions taken from the Particle Data Group [4] , and the remaining unknown charmonium decays are modeled by lundcharm [17] . Final state radiation from charged final state particles is incorporated with the photos package [18] .
III. ANALYSIS METHOD
As the ψ(3770) resonance peak lies just above DD threshold, it decays predominately into DD meson pairs. This advantage is leveraged by using a double-tag (DT) method, which was first developed by the MARKIII Collaboration [19, 20] , to determined absolute branch-ing fractions. If aD (D − orD 0 ) meson is found in an event, the event is identified as an "ST event". If
is reconstructed in the rest of the event, the event is identified as a "double-tag (DT) event". In this analysis, the ST D − mesons are reconstructed by using
, and the STD 0 mesons are reconstructed by using
+ and D 0 mesons are reconstructed by using φX, φ → K + K − . For a specific tag mode i, the ST and DT yields are expressed as
where N DD is the number of DD pairs, B 
where N DT is the total yield of DT events, N ST is the total ST yield, and
ST is the average efficiency of reconstructing the signal decay, weighted by the yields of tag modes in data.
IV. SELECTION AND YIELD OF STD MESONS
All charged tracks, except those originating from K 0 S decays, are required to originate in the interaction region, which is defined as V xy < 1 cm and |V z | < 10 cm, where V xy and |V z | denote the distances of the closest approach of the reconstructed track to the Interaction Point (IP) perpendicular to and parallel to the beam direction, respectively. Charged tracks are identified using confidence levels for the kaon (pion) hypothesis CL K(π) , calculated with both dE/dx and TOF information. The kaon (pion) candidates are required to satisfy CL K(π) > CL π(K) and CL K(π) > 0. The K 0 S candidates are formed from two oppositely charged tracks with |V z | < 20 cm and |cosθ| < 0.93. The two charged tracks are assumed to be a π + π − pair without PID and the π + π − invariant mass must be within (0.487, 0.511) GeV/c 2 . The photon candidates are selected from isolated EMC clusters. To suppress electronics noise and beam backgrounds, the clusters are required to have a start time within 700 ns after the event start time and have an opening angle greater than 10
• with respect to the nearest extrapolated charged track. The energy of each EMC cluster is required to be larger than 25 MeV in the barrel region (|cosθ| < 0.8) or 50 MeV in the end-cap region (0.86 < |cosθ| < 0.92).
To select π 0 meson candidates, the γγ invariant mass is required to be within (0.115, 0.150) GeV/c 2 . The momentum resolution of π 0 candidates is improved with a kinematic fit that constrains the γγ invariant mass to the π 0 nominal mass [4] . ForD 0 → K + π − candidates, backgrounds arising from cosmic rays and BhaBha scattering events are rejected with the same requirements as those described in Ref. [21] .
The ST candidates are selected by reconstructing The Fig. 2 . For each case, the yield of DT events containing D → φX signals is obtained by fitting these spectra. An MC-simulated signal shape convolved with a Gaussian function is used to model the φ signal and the combinatorial backgrounds are modeled by a reversed ARGUS background function [22] . The sideband contributions are normalized to the same background areas in the M BC signal region. The fit results are also shown in Fig. 2 . The fitted DT yields in the M BC sig- 
The points are data (with error bars smaller than the marker sizes), the blue solid curves are the overall fits, and the red dashed curves are the fitted background shapes. for D → φX are given in Table III. Due to the quantum-correlation (QC) effect in D
0D0
pairs, the measured branching fraction of D 0 → φX needs to be corrected by a factor f QC = 1 1−C f ·(2fCP + −1) = 0.980 ± 0.005 [23] . Here, C f is the strong-phase factor of the tag mode, defined as C f = 2rR cos δ 1+r 2 , where r is the ratio of the color-suppressed to color-favored amplitudes for D 0 (D 0 ) decays to the same final state, δ is the strong-phase difference between the two amplitudes, and R is the averaged coherence factor. The values of r, R, and δ for each tag mode are taken from Refs. [24, 25] . The CP + fraction of the D 0 → φX decay is measured by using the CP − tag of
and the CP + tag of D 0 → K + K − with the same method as described in Ref. [26] .
Most of the systematic uncertainties originating from the ST selection criteria cancel when using the DT method. The systematic uncertainties in these measurements are assigned relative to the measured branching fractions and are discussed below.
The uncertainties due to the M BC fits are estimated by using alternative signal shapes, varying the bin sizes, varying the fit ranges, and shifting the endpoint of the ARGUS background function. We obtain 0.5% as the total systematic uncertainty due to the M BC fits.
The tracking and PID efficiencies for K ± are studied by using DT DD hadronic events. In each case, the efficiency to reconstruct a kaon is determined by using the missing mass recoiling against the rest of the event and determining the fraction of events for which the missing kaon can be reconstructed. The differences in the momentum weighted efficiencies between the data and MC simulations (called the data-MC difference) due to tracking and PID are determined to be (4.2 ± 0.5)% and (0.5 ± 0.5)% per K ± . After correcting the detection efficiencies obtained by MC simulations by these differences, the uncertainties of the data-MC differences are assigned as the systematic uncertainties for the K ± tracking and PID efficiencies. This gives a systematic uncertainty for the K ± tracking or PID efficiency of 0.5% per track.
The systematic uncertainties arising from the fit range in the M K + K − fits are estimated by a series of fits with alternative intervals. The maximum deviations in the resulting branching fractions are assigned as the associated systematic uncertainties, which are 0.4% and 1.3% for D + → φX and D 0 → φX, respectively. To estimate the systematic uncertainties due to the signal shape in the M K + K − fits, we use a Breit Wigner function to describe the φ signal. The maximum deviations in the resulting branching fractions are assigned as the associated systematic uncertainties, which are 1.6% and 1.8% for D + → φX and D 0 → φX, respectively. To estimate the systematic uncertainties due to the background shape in the M K + K − fits, we use an alternative background shape,
, to describe the background. The maximum deviations in the resulting branching fractions are assigned as the associated systematic uncertainties, which are 0.2% and 1.6% for D + → φX and D 0 → φX, respectively. We assume that systematic uncertainties arising from the fit range, signal and background shape are independent and add them in quadrature to obtain the systematic uncertainty of the
In our nominal analysis, the measured branching fraction of D 0 → φX has been corrected by a factor f QC defined in Sec. VI. After this correction, we take the residual uncertainty of f QC , 0.5%, as the systematic uncertainty due to the QC effect. The uncertainties due to limited MC samples are 0.8% and 0.7% for D + and D 0 decays, respectively. The uncertainty in the quoted branching fraction of φ → K + K − is 1.0% [4] . Assuming all the sources are independent, the quadratic sum of these uncertainties gives the total systematic uncertainty in the measurement of the branching fraction for each decay. Table IV summarizes the systematic uncertainties in the branching fraction measurements. We determine the branching fractions of D → φX andD → φX separately. In this section, charge conjugated modes are not implied. Table V summarizes the ST yields, the DT yields in the M BC signal and sideband regions, detection efficiencies, and the measured branching fractions. The asymmetry of the branching fractions of D → φX andD → φX is determined by
The asymmetries for charged and neutral D → φX decays are determined to be (−0.7 ± 2.8 ± 0.7)% and (−0.4 ± 2.5 ± 0.7)%, where the uncertainties due to the M BC fit, K ± tracking, K ± PID, the M K + K − fit, the QC effect, and the quoted branching fractions in the measurements of B(D → φX) and B(D → φX) cancel. No CP violation is found at the current statistical and systematic precision.
VIII. SUMMARY
By analyzing 2.93 fb −1 of e + e − annihilation data taken with the BESIII detector at √ s = 3.773 GeV, the branching fractions of D + → φX and D 0 → φX decays are measured to be (1.135 ± 0.034 ± 0.031)% and (1.090 ± 0.028 ± 0.035)%, respectively, where the first uncertainties are statistical and the second systematic. Comparisons of our results with the previous measurements by CLEO [2] and BES [1] are shown in Table VI mesons are required to further understand the discrepancy. We also determine CP asymmetries in the branching fractions of D → φX andD → φX decays for the first time, but no CP violation is found. 
